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INTRODUCTION

Mars, Jupiter, and Venus, like the Earth, are known to be dynamic
planets. The atmospheric and/or surface features of the former two
can be seen to change from year to year, from month to month, and even
from day to day, with only a mode5t telescope. Venus, on the other
hand, is featureless to the eye, but photographs of. the planet in
ultraviolet light show. transient dark markings which are varlable in
’both position and morphology. : :

Astronomers have long belleved that if the changes occurrlng on
-our neighboring planets could be monitored in sufficient detail, a.
‘better wnderstanding of the physical conditions in-their atmospheres
‘and on their surfaces would be achieved. However, except for changes.
occurring over relatively long time scales, such studies have been .
frustrated by the impossibility of obtaining a sufflclently cont inuous
observ1ng record from a 51ng1e cbserving site. ‘

‘ In order to overcome this problem, Lowell Dbservatory, with sup-
port from NASA, undertook ‘in 1968 the organization of a photographic
planetary patrol ‘Contractual agreements were arranged with several
observatories around the world, and in 1969 these institutions -embarked
upon a coordinated program of planet photography. The present docu-
ment,” which constitutes the final report under NGR-03-003-007, will
‘sumnarize the history, accomplishments, and scientific results of

this international effort. Although NGR-03-003-007 is terminating,
we wish to emphasize that the patral program itself is continuing
with funding under NGR-03-003-001, the regular sustalnlng grant for
the Planetary Research Center. '

HISTORY OF THE PROGRAM

Elght different observatorles whose locations are shown in
Figure 1, have participated in the Planetary Patrol during the past
five years. Observations have been carried out at Mauma Kea Observa-
tory in Hawaii, Cerro Tololo Inter-American Observatory in Chile, and
Lowell Observatory from 1969 until the present. New Mexico State
University participated briefly during 1969. Observations were made
at Mount Stromlo Observatory near Canberra, Australia, from 1969 -
through 1971. Perth Observatory and the Indian Instltute of Astro-
physics :jolned the network in 1971. Perth continues to participate,
but observations in India ended in 1973. The Republic Observatory
at Johannesburg, South Africa, cooperated in the program from 1969
through 1973.



T In order that ‘the’ photographs from the various Patrol: ‘stations
. have ‘the desired: degree ‘of homogeneity, all stations were’ equ1pped ,
. with ‘essentially identical 35-mm camera systems. These. cameras auto— .
- matically record the place, date, U.T., and filter. color on the edge e
“ of .each film, frame.- 24-inch, F/75 Boller and Chivens telescopes were.

©" installed at Mauna Kea, ‘Cerro Tololo, and Perth. - New 24- inch, F/?S

© - optics were. installed in existing telescopes at Lowell and in. India.

- The refracting telescopes at Mount Stromlo and Republic -Observatories :
were fitted with Barlow lenses to bring their effectlve focal lengths
~to W1th1n 1 percent of that of ‘the F/?S reflectors A ;g*

For perlods of several months * around each opp051t10n of Mars and

- Jupiter and during several Vehus apparitions, ‘photégraphs, of the" planets

were taken hourly at each Patrol station. Exposure sequences were ‘u"“

. normally made in four colors:' . red;’green, blue, and ultraviolet: A S
standard sequence in each color corsists of. fourteen frames . taken in' f

" rapid succession. The exposed .films from all- stations were sent to ' ﬂﬂ;“

- the Planetary Research Center in Flagstaff, where they were. callbrated
and processed wnder strictly controlled conditions. After develop~=

ment, the rolls were edited and the individual- -image sequences graded

“for quallty All usable sequences were. copled then mounted and
catalogued ' - et .

Readers 1nterested in further detalls concernlng the organlza—-
tion and history of the Patrol are referred tor the followrng two
published papers : ‘

- Baum, W. A, M1llls R. L., Jones, S. E. and Martln L. J (1970)
”The Internatlonal Planetary Patrol Program w’ Icarus 12 435 SRR .“-

_ *Baum, W. A (1973)  "The Internatlonal Planetary Patrol Program
An Assessment of the Flrst Three Years " Planet. Space Sc1 21 1511

ACCOMPLISHMENTS

In the five-and-one- half years that 1t has operated ‘the Planetary'-
Patrol Program.has produced a photographic collection of unprecedented

- size, homogenéity, and continuity' with time.’ The numbers of 14-frame :

,sequences produced durlng the yedrs 1969 through 1973, broken down ‘;ﬁ'

. according’ to station and planet, are listed.in Table. I The total .
~corresponds to more than 1,200,000 1nd1v1dual images and more than

16 miles of film. It exceeds by five times the qumber of image e

sequénces in ‘our historical cdllection spanning the previous 60 years,

which was itself the largest collection of planetary photographs dn.

the world prlor ‘to the Patrol .

*Copy attaohed



”TABLEﬂr,-

i Number of Usable. 14-Image Sequences
Internatlonal Planetary Patrol Program 1969 1973

) Statlon R Mars - Joplter “ V’enusL+ )
Lovell = - 4,77370 5,850 300
Mauna Kea” -~ - 8,989 . " 14,675 1 071
Cerro Tololo: . . 8,284 - 12,608 119
Magdalena Peak® = 518 © .. 262",,; R
Mount Stréomlo? ., . 2,428 . 4,282 s
‘Perthd o '3,049" . 75,274 0 18
Kavalur® * " . 425 0 117 0 --e
Republic’ - 5,510 8,386 287

TOTAL' 33 976 kj‘51-463 1,795
' GRAND TOTAL 87,234

1Operat1onal 196D only

-“Qperational 1969-1971 - . . - L
Operational 1971-1973 T
f“Not observed in 1969 PR

F1gure 2 is’ an excellent 111ustratlon of the degree oF cont1nu1ty .
-in" the Patrol collection. The figure shows a. series of 12 photographs
“of MaISrspaced at approx1mate1y two-hour -intervals and spanning one ' :
‘rotation of the planet. Because of the nedr synchronlsm of the rota—- e
‘tiohal;periods of the Earth and Mars; any partlcular observatory sees,
-nearly the'same face of Mars night. after night.  Only by means of 4 :'
patrol network. can one obtain a sufficiently continuous: photoegraphic -« "
‘record of all faces of the planet. With the present Patrol- collectlon ‘
one has better thah:an 80- -percent chance of finding photographic sequénces.
shOW1ng any desired: feature on any partlcular date durlng the last three E
apparltlons of Mars ' SR

e,

Ty

Another example of the excellent Patrol coverage .of dynamlc phe~l =
‘nomena on Mars is given in: Figure 3. Here we, see the ‘development and .« . .-
‘regression of ‘the great dust storm whlch,occurred in 1971 at the' time 15
‘of the Mariner 9 encoimter.. Patrol coverage of thlS storm: is such that
we have been able to-plot its progress on a near-hourly basis. The
.réesults have been’ published in several papers . (Capen and Martin, 1971;

- Capen. and Mart1n, 1972a; Martin, 1074a). A preprint of one is enclosed
JAn- 1nterest1ng "ministorm" was also covered in 1971 (Capen, 1974), E
‘well as another major storm in 1973 (Martin, 1974a). -Color images ,l )



“documenting the 1973 storm are ehown in Figure 4. These color images
were produced from ordinary black-and-white Patrol images using the
- color reconstruction technique developed here by Jones and Cock (1974).

Inge has prepared a series of albedo maps of Mars based on the
Patrol images. These maps, which are shown at a greatly reduced scale
in Figure 5, have been distributed widely throughout the scientific
commmity. "This mapping project will be continued for the next
several apparltlons of Mars to provide a basis for studies of long-
term changes 1n the planet's albedo features.

Inge -has also used Patrol photography to produce a series of-
maps showing the classical albedo features of Mars superimposed on
the planet's topography as recorded by Mariner 9. An example of
these maps is shown n Figure 6. Inge and Baum (1973): have pub-
lished a discussion of the correlation between albedo and topog-
raphy (see attached reprlnt)

Many studies of Mars in addition to the few mentloned above have
"been based on the Patrol photography. We will not describe each of -
them here. Publications resulting from these studies are among those
. listed in the final section. The interested reader is invited to comn-
sult the 11terature for details.

‘ It is seen in Table I that images of Jupiter comprise well over
half of the Patrol collection. There is a wealth of detail visible
on these images, and the planet exhibits both gradual and abrupt
changes.. We have confirmed the existence of a 90- day oscillation

_in the longitude of the Great Red Spot (Millis and 0'Dell, umpub-
lished); and Layton (1971) and Inge (19734a) have studled rotational
velocities of cloud features as a functlon of - color ‘and of latitude,
respectlvely : : ‘

At present we are readying equlpment which will enable us to
digitize Jupiter images (as well as those¢ of other planets) so that
they can be processed far more thoroughly by computer techniques.
Specifically, we plan to rectify images geometrically so that we
can construct time-lapse sequences of various Jovian cloud features.
‘It is hoped that flow patterns will become apparent from these
_sequences and, as a result, a better understanding of the global
circulation of Jupiter's atmosphere will be achieved.

- Examples of the dark markings which are seen on ultraviolet Patrol
photographs of Venus are shown in Figure 7. Caldwell haslused the
Patrol photographs to determine the rotational period of these features,



‘and Bowell is presently 1nvest1gat1ng the correlation between these
features and’ the degree of polarlzatlon of. the planet :

Whlle the Patrol collectlon has formed the ba51s for much of . !
fthe research at the Planetary Research Center and will continue to -
"d6 s6 for the foreseeable future, it has also been consalted ‘fre-
quently by scieéntists from other institutions.' Several investigators:
“have come to'the Center for' varying periods of time, while many others .
‘have received film copies from us for use at their own. 1aborator1es
'We expect to see -a continued use of ‘the Patrol collection by the e
‘general scientific commmity and.encourage this.practice in every way
we can. A partial list of out51de users of the-Patrol collectlon 15
;glven in Table II ' _ L _ _

FUTURE PATROL ACTIVITIES o -

Although thls is the flnal report under NGR 03~ 003 007'; whlch
;has prOV1ded financial support for the Planetdry Patrol Program the
“program itself;- as we mentloned before will continue with' support
&from‘NGR 03-003-001.. We are, hOWever, reducing the .Patrol in the
sensé ‘that. fewer ObSGTVng stations will be maintained and observations
will be <onfined to fewer months pér year.. The, ratlonale for an ex-
'tended but reduced, photographlc patrol tias’ been given in the most"
1recent proposals under NGR 03 003 007 and NGR= 03 003 001, L

Photographlc studles are not the only planetary StudleS that can
beneflt from. synoptic observations. In fact, we have already carried
out photémetric observatlons of the Galilean satellites from the Patrol
'stations at Lowell; Cerro Tololo and Perth We expect to contlnue
.dlver51f1cat10n of thlS type o

b k7‘ L 'f“-i SUMMARY '
. Durlng the 51x years that NGR-OS 003 -007 - has been in effect a
'network of eight observing sités in five countries was set up,. equ1pped
.and. devoted to ‘photography of ‘Mars; Jupiter, and Venus. . This’ network
‘has produced a collection "of’ photographs ‘which is many tlmes more
:comprehen51ve ‘than any. that existed previously. The collectlon is a
truly unique astronomical .resource.which has vielded several. interest- .
ing discoveries concerning the nature of dynanuc ‘physical processes

-on, our nelghborlng planets . It will, contlnue to do so for years to
come. : ‘ : . o



TABLEIIA :

Cuest Investlgators USlng Patrol Fllms "Qi”f”:““‘:‘f{rfﬂ

‘i',‘Dr Kenneth 0'pell C by Gary LaYton

,”Northern Arizona Unlver51ty SR Northern Ar1zona Unlver51ty ”TT’@f‘
CDr: Willian M. Slnton ﬁ‘ AT l fDr Michael J S Belton LR
© Institute. for Astronomy - AR ‘K1tt Peak Nat1onal Observatory c

WjUhlver51ty of Hawall o ‘~1 T Lo

o T er Larry Giver. .
CAMS.. A Scott S : . NASA. - Ames Research Center
New, Mex1co State University . -~ - =
. ®Dr: Wllllam M. McKlnney

:*Dr G de Vaucouleurs o ; SRS ,Unlver51ty of: Wisconsin at
..Unlver51ty of. Texas Austln e Stevens P01nt L

fiDr J. Bergstrahl ... DAL Lane |

L‘Jet Propu151on Laboratory : . 0" NASA Headquarters

" o L Washlngton, D. C g o
o Mri Grahame Browne e : wv "5-§tl"g

“University of. lelcester C0 . v Dre James Uhderwood
: England s . L . ff“,,wtwest Texas State Un1ver51ty
f}Dr WllllaﬂlM Hartmann ”,,»; gir‘>Dr Bradford A Smlth
_ Planetary Sc1ence Instltute e “New Mex1co State Unlver51ty
; Mr J C Roblnson TN : "IA 2 Dr Ravmond Hlde |
:'New Mexlco State Unlver51ty N Meteorologlcal 0ff1ce
. - S : England ‘
,'Mr John Fountaln Lo - ' .
- Lunar ‘and Planetary Laboratory s M. P C. Crump
.;Unlver51ty of Arlzona S S Mauna Kea Observatory
VZDr P. Charv1n o Dr. Rlchard Shorth111 s "t
Instltute National d'Astronomie . -Boe1ng ResearCh Laboratory

- et de Geophys1que, France
o ME. Mike Malln

b‘Mr Ray Arv1dson E R ‘-b-f'. ‘_“Callfornla Instltute of TechnolOgY

“+ Brown Uhlver51ty : e ‘

» S : ~ *Dr. Michael Pr1ce ' :
" Mr. J.. Kelly Beatty - ' IITRT and.Planetary Sc1ence Instltute

Callforn1a Instltute of Technology

L

*Multiple visits -



TABLE HB

‘i.":j‘m 'f';ff';':‘- Rec1p1ents of Patrol Images £y T ;{ L e

'4 Marlner 1969 Imaglng Science Tean1¢ :

c/o ‘Mr. 'Aldn Herriman - :
Jet Propu151on Laboratory

*Dr Robert Murphy T
Instltute for- ‘Astronomy.
Uhlver51ty of Hawall _

Dr Albert J Pallmann
Salnt Lou1s Un1vers1ty

ﬁMs Susan Sm1th s ~
New be1co State Unlver51ty

*Dr Audou1n Dollfhs .
: Observat01re de Paris .

.5*Dr. G. de Vaucouleurs. -
~,Un1ver51ty of Texas Austln

jEDr Erlc Clausen o
fAMlHOt Stete College R

f;Dr Brian O'Leary T
.fNASA Ames Research Center .

;ﬁk.Bnmqume S f A
f_Unlver31ty of Plttsburgh ff‘

_Mr J Kelly Beatty

lgCallfornla Instrtute of Technology

‘wDr Paul Rlchter
California.State Un1ver51ty
.at Northrldge

Dr, James: Westphal
Cal1forn1a Instltute of Technology

: Dr Wllllam M Hartmann ‘ -
Planetary‘Sc1ence Institute

*Multiple requeStsr‘n

' Lunar and Planetary'LaBoratory .
:Unlver51ty of Arizona = -

"Mr Bruce A Waddlngton - ;
. .Callfornla Instltute of Technology

Michael J S. Belton o
K1tt Peak Nat1ona1 Observatory

*Dr William’ M Slnton

Institute for Astronomy'

o Unlver51ty of Hawaii. n T

I'eMr Larry Giver .
. NASA - Ames® Research Center

Mr! John Fountaln

" Dr. P mmmnn"'

Institute National d Astronomle
. et de Geophysrque France '

MMy, 'Marv1n Mayo RN
o Van, Nuys Callfornla

tfr'*Dr T, MtCord

Massachusetts Instltute of Technology

‘@'ﬁ*Dr Richard Shorthlll _
e Boelng Research Laboratory o

‘f br. J. C. Bhattacharyya -
~ Indian Instltute for Astrophy51c5 s
Imha . _ o

"-Q*Dr Thomas F. Greene The Boeing

: Company and Uhlver51ty of Wash1ngton»
Dr. ' Edward L. G. Bowell - |

,_Observatolre de Paris



TABLE, IIB (cont'd)

Recipients of Patrol Imdges. '(cont' Q!

Dr G. E. Hmt' o fr, J. C. Roblnson :
Wbteorologlcal Offlce'.‘ - : ,NeW'bbx1co State [M1VBT51tY
Emhmd B Sl N :
B ‘e‘-' Dr. D. J Adais™
RMs. A, Scott o o Unlver51ty of- Lelcester
New Mexico State Unlver51ty ' England '

Dr. J. Bergstrahl L | R ﬂf' Dr. Carl Sagan: ,

‘Jet,Propulsion Laboratory * ;. Cornell University.

Mr.'P. C. Crwwp . D :Wesiey ‘A, Traub

Mauna Kea Dbservatory . L Smlthsonlan Astrophy51cal .
C e S Cbservatory o :

Dr.,E&WlnjBarker o S ' S
McDenald Observatory - © Dr. Andrew .. Ingersoll 4 I
o SR - S - -.Callfornla Instltute of Technology.

v R Co N T .
l\‘: .:,' i"‘.‘ o :",. . . ‘TABLE IIC L ”.‘..I.’ RS { .r'. e

“ﬂf' Rec1p1ents of Spec1a1 Catalegue Searches of - Patrol Fllms ;n-”

: Dr Edwin S. Barker C ,-(-"«‘ Dr Thomas F. Greene

‘MbDonald Observatory ST Unlver31ty of Washlngton

Dr. C. Boyer .. . 7,, j. . DroG. B Hme A
IAU Data Center, France. . - ° U Meteorologlcal Offlce England

- Dr. Wesley A Traub

Smithscnian Astrophy51cel -
Observatory :

#Multiple requests



PUBLICATIONS

" The pUbllcatlons llSted below are based at least 1nupart‘on the
;Planetary Patrol collectlon ‘ ~ e

< Beum, W, A (1972a) ”ngh Resolutlon Planetary Observatlons " Sane. B
{;c”' Research 12, L1671, Akademle -Verlag,. Berlin. B T

,ﬁBaum, W. A (1972b) ”Where Will the Martlan Dust be When Viklng
Le‘ ‘ Arrlves?” ‘Bull, Amer Astron Soc 4 374. Co

: Baum, W, A.. (1972c) MResults. Emerglng from the Internatlonal Planetary
Patrol- Programme.”" Proceedings of the NATO Advanced Study Institite:
on. Planetary Atmospheres held at Istanbul Turkey, 22 August -; R
2 September 1972, P . B

.Baum, W A. (1973) "The Internatlonal Planetary Patrol Program An
Assessment of the Plrst Three Years " Planet. §Qace Sci. 21, 1511.

Q-lBawn, W. A, (1974). ”Earth Based Observatmns of Martlan Albedo
S Changes " Icarus, in press ‘ :

Baum, W. A s, and Férguson, H M. (1974) BRUN Four Year Compar1son of
‘ Astronom1cal ObseTV1ng Conditions at Seven Observator1es ; Bull
Amer Astron Soc , ‘in press . R

_Baum,fw A and Martln, L J (1973) "Behav1or of the Martlan Polar -
Caps Slnce 1905 "; Bull Amer Astron Soc 5 296 ‘ o

PBaumr W, A Millls, R. L Jones S. E. and Martln, L. J. (1970)
a "'The Internatlonal Planetary Patrol Program. Icarus 1z, 435

ﬁBoyce P. B. (1973) "Remote Sen51ng PhOtOthTIC Studles of Mars 1n 1971 "
Icarus %Q, 134. . ‘ R

Boyce, P B., and Faure B (1970) | ”Photometrlc Behav1or of Sem1~ S
o Permanent Martlan Clouds A Bull Amer Astron Soc 2 233 '

‘Boyce, P. B., and Thompson D. T. (1972) A NeW'Look at the Martlan
-‘Vlolet Haze Problem 1. Syrtls MaJGr-Arabla 1969.U Icarus 16
291. T

Caldwell Jo J (1972) ”Retrograde Rotatlon of the Upper‘Atmosnhere
S of Venus n Icarus 17 608 _P ,

fCapen, C F. (19?D WMartlan Yellow Clouds——Past and Future " Sky." .
o cand Telescope 41 117, -
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.Capen, C. Fu (1972) Contributlons to sections 3,55 3i6, 4.0, ‘4.1,
. and. 4,2 of-Mars.- Sc1ent1f1c Model (Eds . Mlchaux and R L Newburn),
JPL Document No.. 606 e . ( . R

lCapen, C. F. (1973) " The Planet Mars in, 1973 " Skywéhafrerescopéfgge
| 53. R L T e

QCapen, €. B (1974) | ”A Mart1an Yellow Cloud July 1971 " lcaros‘z%;"
- No. 3, 1n press r o SN ". 'n;p

'Capen, C. F “and, Martln, L. J. (1971) ”The Developlng Stages of the': J
‘ Martlan Yellow Stonm of 1971.' Lowell Obs ‘Bully No 157 B

{Capen C F and Martln, L. J. [1972a) ’ﬂ%ars Great Storm of 1971 ”ﬂ'
A Sky and Telescope ﬁ. 276 : : o ‘

fCapen, C P ‘and’ Mhrtln, L. J (1972bJ "SUTVSY of Martlan Yellow Zr.b;ﬁ
R Storms L Bull Amer Astron _Soc. 4 374. , oo

?Capen, c.E. ;'and Martln, L. J. (1973) | "The Martian: Yellow Cloud of‘uﬁ -
. Ju1y 1971 " Bill. Amer AstrOn Soc. o 266 - )

*Inge, J. L. (1972) ”Jov1an Rotatlon Prof1le5 for 1970 and 1971 ”:
W{ Publ Astron Soc Pac1f1c §3 641 RO

Inge J L. (1973d) ”Short Term Jov1an Rotatlon Proflles 1970 1972 "o
Icarus 20 1 o L ‘ ) Lo

'Inge, J L (1973b) 'Wbrtlan Albedo Features ‘and Topography " (Lambert '
' azimuthal equal-area projection, '0°, 120°; 240° merldlans : L
1: 28 600 000) ‘ Lowell Observatory Map Serles

*Inge J L. (1973c) -'UMartlan Albedo Features and Topography "o '
: Okarcator map, - 1:25,000,000). « Lowell Observatory Map Serles
‘ Also Mer cury 2. 2, No. 6, 10/11 (centerfold)
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Natlonal Geographlc Magaz1ne lﬂé February 1973

;Inge Ji L. (1974). "Mars 1973." (Albedo map, 1 25,000 0003 Lowell
- Observatory Map Serles ‘ _ N

,Inge J. L and Baum, W. A (1973) ' ”A.Comparlson of Martran AlbedO' |
: Features w1th Topography."! Icarus 19, 323. : ‘
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PATROL SEQUENCE FROM ONE 24-HOUR PERIOD

04:45 05:48 07:51 10:00 11:29 13:56
CHILE NMSU LOWELL HAWAII AUSTRALIA AUSTRALIA

~Jele

18:53 20:50 22:57 00:57 02:54 03:33
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Figure 2.



MARS 1971 — YELLOW STORM

Surface Surface Surface
Before Beginning Partly Completely Partly
Storm of Storm Obscured Obscured Cleared

Sept. 21 Sept. 22 Oct. 3 Oct. 21 Dec. 20
0.48 0.48 0.54 0.64 1.09 A.U.
from Earth

International Planetary Patrol Program
Lowell Observatory, Flagstaff Arizona

Figure 3.



1973 DUST STORM ON MARS

Solis Lacus Region
Day 1 = 13 Oct. 1973

¢ee e

Pre Storm Day 1

34

International Planetary Patrol Program

Lowell Observatory, Flagstaff, Arizona

Figure 4



Figure 4., This sequence of eight images
illustrates the main development of the 1973
dust storm in the Solis Lacus region. The
first image shows the "normal” appearance of
that region just before the onset of the
storm, the next six show successive stages
of the build-up, and the last image shows

a partial return to normal,

— e
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MARTIAN ALBEDO FEATURES

1969

1973

Figure 5.



Figure 5. Mercator projection maps of Martian albedo
features based on Patrol photography near opposition
in 1969, 1971, and 1973. Pronounced changes in the
features from one apparition to the next are readily
apparent.
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MARTIAN ALBEDO FEATURES
AND TOPOGRAPHY

Planetary Research Center

LOWELL OBSERVATORY
FLAGSTAFF, ARIZONA 86001, U.S.A.

Albedo features are derived from Earth-based International Planetary
Patrol photographs obtained during Martian apparitions of 1969 and
1971. The positions of these features were controlled by projecting the
photographs optically onto orthographic graticules. The topographic
mapping is an enhanced rendition of the USGS shaded relief map of
Mars, MM-25M-IR, which was based on an uncontrolled photomosaic
(second version) of Mariner 9 MTVS images. The cooperation of the
USGS Center of Astrogeology in Flagstaff is gratefully acknowledged.

Figure 6.
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- ABSTRACT

| Extensive Earth-based photography prbdueed By the Intemétimal
‘P‘lanetary P'at-rol hae been used to map the positions oig br'ightened
I'areas (clouds) during the 1971 stom on Mars. The mapping was done '
'.on an hourl)' basis from two days pr1or to the onset of the storm ‘
‘through its twenty ~second day. Sumnarles of these maps are presented
to Lllustrate the changes that take place durmg the course of a
Martian day, as well as the changes from one day- to the next. & It is
shown that the stom goes through a dally cycle of regeneratlon,
:although each day it advances farther than it did the day before.
jhe possiblleinfluence of Martian topography on the progress of the.
4s-t'orm is examined. Compar:.sons between red-'and blue-filter photo-' '
graphs of the storm: are presented cartographlcally and are dlscussed |
A'reas mest affected b)r the storm durmg t}us permd are sumarized
in. F:Lgure 8. , o '

JRICEDING PAGE BLANK NOT FILMED.
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HISTORICAL BACKGROUND
Frorrn‘a record of 70 years of Martian observations, Antoniadi
"(1930') sunmnised that yellow clouds are common and tend to occur close.
to perihelion.- ‘The major yellow storm of 1956 was .the first event .6f
i giob’al prdﬁorticn{s to be photograp11ed from its ihitia{l' cloud through -
'it.s life of se\'feral moriths '(Slipher, 1962). | The behavior of -tile 1956
'storm was analyzed by Miyamoto (1957}, Dollfus (1961, 1965), Glfford
- (1964), and de Mottoni (1964 11969}, Nevertheless, yellow cloud
activity was stiil con51dered a rare phenomenon durmg the last decade
The discovery by Capen (1970) of a bright yellow cloud in the * ~

southern hemisphere (315°W; 30°S) during the 1969 apparitioh and its
close similarity and location to the 1956 ihitial'yellw cloud prompted
a thorough rev1ew of the hlstorlcal plate collectlon and obser\rmg
records at the Lowell Observatory archlves for other occurrences and .
locations (Gapen and Martin, 1972a), This study\ mdlcated__that major
| yellow storms of hemisphefic proportions have indeed tended to arisgg
A‘.in a preferred éouthem:location ﬁear the -.lét_it:udé‘.of maximum insola-
“tion, probably at. thé initiai positions of the 1956 and 1969 cloud§
" and dur:mg late Martian southern spring and early summer, when Mars _
- was close tp perlhehon. A prehnunary smmary of these results Wlth
‘a prediction of the appearance.of ayellnw cloud in the_HeJlespontus-:
. Noachis ‘reg_im,‘ was published‘;(Capén,'197i) ‘," and th;a Mar:ijnerrs and 9
team'_lea&ers were xal'érted_,‘,toi_ ﬁqs§§ble "_ip:,t;.elfférence"? wit}gl their ﬁopo-

graphic mapping program. .
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The first report of the appearance ef the 1971 yellow storm in
'-Noachis came from D. Milon at Harvard on. .Septembei" 25. [MarSden, 1971) .
The initial cloud was later identified at Lowoll Observatory on
International Planetary Patrol photograph‘; taken at the Republic
‘Observatory om September 22. The br1111mt .elongated eloud first
appeared near the morning teminaeor 4n the Hellespmtus-NeaChis
region. It was not visible on photograbhs obtained the. previous day.

A prehmlnary report of the devalopmg stages .of the 1971 yelluw storm
'. and a general descrlptlon of the ent:.re permd of disturbance have been
"-prevmusly published by Capen and Martin. (1972b)- " The p'resent paper "*
'_"15 based on the detaﬂed measurement of . the appa.rmt. cloud boundanes '
(.4 the anomalwsly bnghtened areas);.and it treats 'the diurnal .
‘:behavmr of the stom, its daily progress, and the. evolut:.m of a
"general obscurmg haze. | ' R TP

an

PRESENT STUDY

Photography from the Internatlmal Planetary. Patrel (Bamn, 1973)
‘prondes .us with the first opportmlty to make a detailed and compref
Ehenswe study of a maJor atnosphenc event on Mars. . This Program, - \
'coerdmated by the Planetary Research Oenter of . Lowell Observatory, E
yielded almost mmtermpted coverage during. Jﬁhe 1971 apparltlon.

The storm, which began in September of 1971, was also the 'most' exten- ‘L
sive .one for wh:Lch we: heve photographic domnentatim. although stoms :'

of tlus proportmn have been reported by v:lsual observers in the past
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(Antoniadi, 1930). _The Planetary Patroi network photographed this storm
hourly up to and beyond the arrivzil date of Mariner 9.. This fortunate
overlap betweon Earth-based observations and orbiting Spocecraft cbser-
vations provides a record throughout the life of the ‘soom.

The sto;'m began less than a month aod a half after opposition, so
‘that the Earth-based photogi‘aphs :ini_tially ,l show only 31° of phase. It
had been the .close_st. a’ppi‘oach of Mars since 1924, so the apparent
diameter was still nearl}" 20 seconds of arc. It was .a.llso_ fortwnate that.
fhe South Pole of Mars was tilted toward us. by 15°, because most of |
‘the early stomm 'activity took place in the southern hemisphere between <
the latitudes .of -20° and -50°.- By the time of the Marinor 9 arrivali f_
in mid-November, the amount of photographic coverage ;E'rom Earth was
-becommg less corrprehenswe, the disk had.shrunk to 11. 5 seconds of |
arc, and the phase angle had increased to 43°.. Also, the planet had '
been nearly totally obscured by the storm for almost a month, ma]cmg |
detalled mapping from Earth-based photography mposs:Lble. Mariner 9
recorded the decline of the storm, which took.place:r gradually. in »
December and January. Patrol photography from that‘j 'pe‘riod -showed'
general clearing trends over Broad areas as inferred fram the: ir.lcreasli-
ing contrasts of the larger albedo features. o |
| Patrol photography was mtenswely used to map the pos:n.t:.ons of
all tran51ent bnghtenmgs appearmg on . red,. green, blue, and ultra- »
.vmlet photographs for 24 days, begmnmg two days.. before the start
'of the storm. In order to s1mp11fy the word:.ng, these br:.ghtenmgs
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" are referred to as "red clouds," “green clouds," "blue clouds," "ultra-
'violet clouds," or cambinations thereof throughout this paper, and this’
‘teminoloé;y should not be cnfer-interpreted. . By the twenty-second éay
the plahet had become totally blanketed with dust and haze to the extent.
that contrast differences between -light.._md‘dark.areas‘...we're too small |
anﬁ ‘iil-defined for reliable mapping. |

; The plotting of cloud p051t1crns from the photographs. was done mth
our planet mage projector (Baum, . 1968) . A separate map was made for
each day. Dn these, outlines were plotted for each color and each hour
“that phetographs were available. If more ;thanllone photographic image
sequence ‘in a particuler coler' was. a\failable for a particular hour',
_ronly the better was ordmanly ‘used, but some consideration was also _
‘given to the regularlty of the mterval between sequences.. Each outlme '
was based on measurement of the best three J.mages .of each 14- or 28-
image sequence, The resultmg da:.ly maps: were then used to cmnp:.le
-the map flglﬂ'es presented in this. paper.; The background albedo map
~for all of them is the 1971 Lowell. map . (Inge et al.. ,1971] show:n.ng Mars
as it appeared, on Planetary Patrol photographs near. the date ef : ‘
-Gpp051t10n. e | ”
| Contrasts decreased Tapidly with the onset of . the storm so that
normal albedo features became nearly mrecognlzable.,after_'_.several days:
‘ and evehtually -'disappeared ‘altogether. ’I‘hié" exteneive dillitim of
cmtrast could not- be delmeated on maps, but 15 111ustrated in P:Lgure 1.

These are 311 red-lzght photographs shew:mg the Same . face of the planet.=

B
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‘T_he first.picfure at the upper left represents the normal contrasts of :
';albedo features as seen near opposition. The euCCeeding pictures.
illustrate the progressive loss of . contrast through the twenty-'second
day of the etom.. Although distance and phase eﬁgle affect the imeges'
samewhat, the progresswe obscuratlon of familiar albedo features by .
the storm 1s obvlous Desplte the good "see:mg" indicated by the-
sharpness of the limb, the photograph of October 14 is nearly feature- |
less except for the small south polar cap....Until the . 1971 storm, no.
Mars photographs had ever beeﬁ taken :i.n'.rednllght.whl.c;:h show so few
details within such a sharp- edged disk. . Th'e' 1oss of contrast seemed
even more rapid in green llght then in. red wzth extenswe obscura-
tion occurring within a few days. |

Photog-réphs taken within a few minutes. through different-colored -
filters ‘yield different cloud outlines..when...the.brighteﬁed\arees are |
plotted.. Figure 2 illusti*ates the. outlinee Vthus obi:ained from e
smgle four-color set of Planetary. Patrol- sequences .all taken about
one-half hour before local noon at the 0° meridian. Brlghtemngs
plotted from red- and green-llght photographs. are typlcally somewhat
similar to one another. Likewise, those.from blue-. and ultrav:Lolet-
light photographs bear more resemblance to one. another then to those
_from ved or green photographs. Flgure 2 is. based on. photographs taken
during the fourth day of the storm, when thei_,outline_ of the storm seen
in blue light and the blue clouds lymg west of the stomi.regim seemed
to be progressing towards ‘eaeh."othe'r'.' :;.‘The':bri'gh‘t" core of the storm was
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‘see'n over Noachis in red, green, and blue. Note that the blue outline
‘Lexténded to the northwest, taking in about. the same area covered by .
‘the ultravmlet outlme, which had moved dmm fram the north durmg
the previous two days. The blue- ultravmlet cloud on the left extended
from the morning tei'minatqr, and the smaller blue cloud .did not appear
té be a part of this stomm at.thatA time. This was the day before the
storm began a very. rapid expansion to the southwest.

_' Figure 3 illustrates the reiationships between wlthe location of
the bi‘ight areas of the storm, .the .posifion'of the Sun, and the central:
meridian séen from Earth at various. timeS'of the'Martian'day - 'The o
feleventh day -at two- hour intervals is.used as an example ) and the
outllnes are the same as those for that day.in Flgum 7 i.e., the)r
‘were derived from red-light Jmages The tin SOlld line represents
the longitude of the central mendlan as seen from Earth at that hour.
while the heavy dashed line re_present_s_the sub-solar meridian, i.e. ;T
the locus of noon. . Each map section has been ff:hnmed on the east .
(right) -and wes;t (left) at the approximate. 11.mb and temi:iator" and S
"therefore shows, wlthout foreshortenmg, ‘the longltudmal range of o,
‘the photographs. The six maps represent 150° of rotatlm, or ten
.Martlan hours, in 30~ degree (two- hour) steps.

| ThlS flgu;re is an example’ of: the’ dally regeneratmn of the storm
“and 1ts hourly progress , vhich is. similar 1:0, but not strlctly depenn
dent upon, the rotatmn rate. lnra. very general way, the bnghtened

areas advam:e across the map. w1th the Sun, but the)r do so in an 1rregular

ALTAUAMENT:
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way that indicates a strong regional dependence. The daily and hourly.
variations in shape and position of these brigntenings rule out an
interpretation based 501e19 on optical scattering geometry. One should
also note that the brightenings are on average centered around local
noon--not around the central moridian nor around a Minnaert point '
midway between. . These storm brlghtenlngs were seen best in red 11ght |
‘and were generally near the center of the visible disk; whereas most
‘Martian clouds are seen,best nearer thellrmb or terminator and in -
blue light. | 7 _ |
| The dally p051t10ns of the storm in red. 11ght were not repeatable ~
‘at the same hour each Mart1an day. Flgure 4 compares the positions |
'every fourth day at the hour. when the Sun was- on the 0° meridian, It '
;demonstrates that the dally advance of the storm was far from un1f0nn,
'although an hourly progr9351on is seen on. the dally maps Note that [‘
‘the western boundary for Day 5 is farther west than the boundary'fbr .
;Imy 9. T
The twenty maps in Flgures 5 and 7 show premlnent storm. areas .f.?
‘as seen in red llght from the onset of the storm until there was a
fnearly'total dbscuration of the planet. Abnormally brlghtened areas -, |
have been outlined frcm red-fllter photographs which show.the most '
,cqntrast and .are falrly representative of what can be seen in green-A:T
as well,. For comparison, Figure 6 shows the clouds seen on blue ;};n5a
photographs durlng the flrst ten days. These three flgures (S, 6, ; 
and 7) provide a deta11ed record of the storm's grcwth and the B

characterlstlcs of its progress. g o
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| The days are numbered in terms of rotatlons of Mars, startlng with
the first day that the storm could be 1dent1f1ed.‘ 'I‘he beginning of |
.each Martlan day is defmed here as the t1me the sub solar pomt |
crossed the 180° mendlan The Earth dates (u. T ) are shown below the
‘-day number. | ' _ ] 5 | | | .
| Each out11ne is labelled w1th a number representmg the nearest

.hour in terms of a d1v1smn of the Mart1an day ~ This t1me scale is
Martian Apparent. Solar T1me at the 0° rrer1d1an. Each hour represents
15° of rotatmn, w1th 12 noon as the tlme the Stm s path c:rosses 0°
1ongltude. Each map. also shows the 1ong1tude of the central mer1dlan
(M), or sub Earth longltude ‘when it was noon at 0° 1ong1tude. One
can thereby Judge which portlon of the planet was v151b1e from the .
Earth-durmg any one observatlon, smce the M advemces w_estward atlr. ';

approximately the rate of 15° per Mart:.an hour. : L | BN

In Figures 5, 6 and 7, the abnormally brlghtened areas are -

‘delmeated by closed lmes whenever p0551b1e but there are cases, -':
'represented by open llnes, when part of the boundary was | 111 deflned, 3
_or was not 1n view. When needed to avoid amblgmty, small tnangles
'have been placed on the open lines, pomtlng to the brlghtened s1de. -'.'

| All abnormally brlght areas were mapped, whether or not they ke
‘could be con51dered a part of the storm Qutlmes shown Wlth broken
jlmes indicate bright areas that were Judged pmbably not a part of
the storm. This. Judgement Was based upon the appearance of the planet

pnor to the onset of the storm and the progress of the storm as’ seen
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on red~ and green-light photographs.

«  Much of the or_iginal mapping was doné ét hourly inte‘ﬁﬂs, but

the outlines ‘reiarodﬁced in Figures. 5, 6, and 7 are ‘restricted to approxi-
mately two- hour 1ntervals in order to avoid cmgestmn. The actual
'mtervals used were detemlned by appropnate selection of the: matenal
~available. The- Planetary Patrol y1e1ded usable f11m on an average of :
14 hours per day durlng thJ.s period,’ the least bemg e1ght hours

(Days 12 and 15), and the most being 19 hours (Day 18). Fcrtunateljr.. |
the ho'urs. best 'cloveréd by the Patrol.generally occurred when the more o
active areas of the storm were in view. | . |
o The storm clouds w.erellnét.as' Bright or as easily d_efined‘in blue
"as they were in.red_ and green. Most.of the brigﬁtenings seen in blue |
light 'onrthe first day of the _storm were not mtypic,él of the "norm;all’,’; :
.Mars, s'o thejz were probably not associated specifically with thé | )
‘stom and are shown as dashed lines on F:Lgure 6. By the tenth day, ° o
however, the activity in blue can no longer be d1sa55'ociated from the
storm systém.' ‘The blue. cloﬁd activity that had been golirig on in the :
weétem'. hemisphere lof ‘Maxs prior to ‘the onset of the storm and the
blue;light cmfiguratlim of the storm.itsel'f_ showed a remarkable pro--_-;“
greésion toward one another during the first six.days.. After that, . ©.
_the blue;cloudsril_ in and arownd the Thai‘sis' region could ho longer be
isolated from $torm activity. Blue clouds were ‘present. in the Syrts.s._'- o
Major region pnor to . the st:orm, but they d;sappeared after Day 3.

.After Day 6, evenlng 11mb clouds were the on]ly actlnty in blue that s

did not appear to be directly associated with the.red am_l green storm

B
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clouds. Note that the hourly chahges in configuratim and position

of the storm were more uniform in blue than t‘ne)‘ri_were in red.

o ‘INTERPRETATION- OF THE DAILY MAPS

_gu (22 September 1971). On t.he first day, the stom remained: "
Very localized, although its sudden appearance across a wide area !
suggests a very rapld increase in atmospherm 'El'Ctl'VltY. Hellas had
been a bright object since the 'yellow cloud 'of July (Capen, 1974); .
and prior'to t}ie onset of the global stom‘in September, Hellas was L

second only to the south cap in br1ghtness appearmg on the blue photo- j‘l
| graphs as well as red and green. There was a gap between Hellas and |
| the initial storm cloud. Although separated, the initial stomm |
‘_cloud aﬁd the bright patch in Hellas 'wéire roughly the same brightneés .
and color. The agitation of dust may have écn_tiﬁﬁed within the Hellas -
-basin throughout the. Ju'ly-to-Septenber interlval.? -The l'imited moveméht‘ J
“that did occur the flI‘St day was to the west: southwest expanding fmm

the m1t1a1 cloud. area (labelled 5 hours) to. the line labelled: 7 "

where it.stopped.- The eastern and southeastern boundaries remamed
stationary until after 9 hours, when the cloud contracted towards
the West. 'I‘he bright areas did often contract as well as expand )
‘although, the storm generally was a rap;Ldly qxpandmg phenomnon throughcut
the first few weeks. .Comparison of the Day .l map m.th the prelxmmary |
relief maps from Mariner ¢ UVS data, referre;l to hereafter as "Hord
UVS Rehef Map" (Hord et al. ’ 1972 Hord, 1973) ; shows a p0331b1e .

B
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correlation betﬁeén upward slopes and the direction of expansion of
.bnghtened storm areas. | V_ o ”
Day 2. On the second day, the brightening in Hellas at flrst
appeared separate (at .4 hours), .but 'two hours later 1; had bridged
‘across to the new storm area of the previous day. This same pattem
of behavior was ofteﬁ'repeéted in the following days. (See Days 3,
'4 6, 13, 14') 'ThexstOrm characteristically.went ‘through a daily
.regeneratlan, often seen beglnnlng in Hellas and each day expanding
-a little farther to the west. - The bright areas may have been contract—
ing or dying down each night, only to have been rejuvenated with added
“strength an the fOIIGW1ng mornlng On the other hand, the progress1ve
reduction of contrast steadily became more wmdespread over the planet.'
Hess (1973) proposed a feedback mechanism of 1ncreased temperatureS' :
and winds which allows storms of this size to become se1f~perpetuat1ng‘
| ;L)g;‘. Although coverage was limited, Day 3 111ustrates a case
of brightenlng in separated areas, with a gap at 330° longitude, - :
"which was near. the centef of the cloud seen oﬁ Day 1. - | | o
Day 4, This was the final day that the storm remained within its
initial’gore area. Daily expansion had been very limited -n éumpari;i;
son with what followed.. The Hord UVS Relief Mbp shows a high area
centered,around 345° and ;40°, suggesting thaf the expansion ha& béen‘“
upslope from.Hellas to. envelop a. highér'ﬁplaﬁd area. (Noachis)" : 'xiT j
Day 5. . The expan51on Tate suddenly 1ncreased, and. the” sto:w; e

expanded to the southwest ‘toward, but not over, the polar cap: The
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.inore northerly .poir of lines labelled 14 and 16 encircled the Argyre L
b.asdn. The Hord UVS Relief Map indicates & broad ridge sloping down- .
‘wards from the Noachis uplarids-_inr,o Argyre I, wbich the. storm seemed
to follow instead of a lower route. It also proﬁressed very repidly
in that region. Note that the distance between boundaries for.hours_
10 and 12 Tepresents an advancenbnt of about 700 kilometers per hour;
','Ihis, of course, does not imply that dust was actually transported |
over that distance in two hours.:. o ' .
M. The South. Polar Cap became Il)arti'all'y obscured.l For the
first time northward protrusmns occurred at two. points. Easfward‘ |
progress was .again upslope and across a broad front.. Note the con-
tinued avoidance of the Mare Anphitrltes ;region (330° and -60°),
which appeared dark during‘this period c o : \ -
_lg_a}y_z. Storm—bnghtened areas were seen in the. northern hemls-
phere for the first t:.me. ‘The two northward protrusions’ at hour 16
were both towards higher plateau areas accordmg ‘to the Hord uvs Rehef
Map The larger and higher Tharsis uplands area was approached by the
14-hour line, hut storm-brightened areas were seldom seen above the ‘,I"[..
7-kilometer elevation contour. _ _ L |
Day 8. The westward expansion goes beyond. the 180° mer1d1an by .
the 24th hour. 'I'he tendency for brlght areas,; to .show .as separate spots
was mcreasmg as they became ToTe. dlstrlbuted around the ‘planet. .
| Day 9. The gap near 20° west 1ong11:ude and 40° South latltude , ;

to the east. of the 12~ hour enclosed area, was also a feature on about

B
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half of the days that followed This is tha Same downslope reg1on j"
'that was bndged so rapidly on Day 5. 1
-' Day 10. Evening limb brightenings were seen at séirerél times -
" at northern mi&-latitudes. This had been observed since Day (6 in
blue, but was seen in red as well on the ‘tenth day, |
| Day 11. The tﬁtal area ehconmassed by' the storm had become

elongated in a mainly east;west .difef:tibn', and‘lfl‘his remained the )
.dbminan't‘situeition through -the tﬁentieth day See also.‘Figur'e 5. -

Day 12. Photographlc coverage was . lacklng for the region west
(left) of the 15-hour outllne but the maps for several preceding .'
days 1nd1cate that the stom was indeed undemay there. ' Thus, the
lack of outlines in that reg1on on Days 12 14 15, and 17 does not
imply storm abatement there. . e

Day 14.. Hellas still remained the first area of the day té N ;
‘brighten. .Its outline coincides withl the 1m(e.1abelled‘ 5 hours. L
Photograﬁhic toverage was not avéilébie “for., .earliér_hours'. during " =
this day. B 3y
: ~ Day 15. This was the first day that -wé :can be certain ﬁat
the stor;m had defmltely circled the globe at md-latltudes. The .
‘ advancmg brlghtened area connected with Hellas from the east. Th1s' :
'behavz.or continued through the next five days. o |

_D_az___l__ Mare C:anermn became botmded on both the north and .
‘the south as a,new area of brzghtenmg Was 1dent1fied advancmg west-

ward along the equator. Mare Cmmarmm is shown on.the Hord UVS Re11ef

B
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Map as a low area '.with slighti)f higher ground to both the north and
the south. ._ o | | : o 7.
o _ay_z_o_ The two days follow:.ng Day 20 were also mapped but are -
-‘;not presented because the lack of: contrast rapidly reduced the accu-
racy. of p_lo_ttmg. See F1gure 1. E ' L
| SIMMRY
Some of the more mportant components o‘!‘ the storm are smmanzed

in Figure 8. The main core included a low.basin in the east (Hellas)

Hh

and sbped up to an upland in the west (Noachis). The region of the
‘ seconda'ry: core also sloped'tpwards to the west from a low area which
' mcludcd the northern part of the Argyre I besm The area between cores
:.- sloped down to the west.. The topography referred to .1s from the Hord |
'UVS Relief Map. Most of ‘the action .occurred.be,tween 20" and 50° south. -
-The progression‘ of brightenings was generall)t Wes'tward ..Speed and- o
direction seem to. have been mfluenced by elevation dlfferences, by
. the d1urna1 heatmg cycle, and by pre- exlstn':g regmnel d1fferences SO
of some kind. . ‘There also seemed  to be a. tendency for the dJ.sturbance
" to perpetuate 1tse1f with mly dlumal abate,ment .after. 1t once mvaded
~a region. ' ' o ‘
Plgure 8 would ‘with minor ad;ustments aglso descnbe the major
components of the 1956 maJor storm (Sllpher, 4962), as. well. as the
'yellow cloud dlsturbance Whlch occurred in July 1971 (Capen, 1974)

Although yellow (or 'red -green). clouds have been photographed

AL TACHMENT
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again in 1973, it may be a long time before a storm comparable in size
‘to the 1971 storm is recorded. The storm that began in mid-October |
11973-did become planetwide and surpassed the 1956 storm in areal cover-
age, although its duration has not yet been determmed. If stomms of
‘thls size are seen more frequently in- the . futum, it would suggest

that major climatic changes on Mars may occur with enough i:’requenC)r :A
lto be within the scope of photographlc records. . We plan to. use e
Planetary Patrol photography for continued studles of Martian amos-

‘pheric phenomena. Prellmmary studies. of the 1973 appantmn are . |

L

already underway. ‘
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FIGURE CAPTIONS

Blgure 1. Red-filter photographs showmg Mars. just: after opp051t10n and
‘o durmg the early part. of the storm... The.central. merldlans are ail"
between.0° .and 5°, illustratinguthe..successwel..oft:;‘ewrat_mn of

familiar albedo features.

Figure 2. Cloud outlines seen.on.one. set o:E Planetary Patrol photo-
: graphlc sequences. The . yellow storm is!. on the., rlght (ea.st) whlle |

. other blue and ultraviolet brlghtenmgs are on. the left. The

o

albedo fedtures shown on the:base. map used for: F:Lgures 2 through
8 do not. represent the appearance.of.these: feattmes durmg the |
o .storm, ‘but_show Mars as it.was. photographed .t'rom Earth around
~ the time of the 1971 opp051t10n.- Gy AT
figure‘ 3. Evolutlon of the stom. durmg a. typ1cal da)r. The eleventh

day of the storm at two- hour :mtervals, showing how the brlghtened

area (m red hght) advanced as: the. planet rotated. See text, |

Flgure 4. Evolutlon of the storm over, four»day :mtervals.__ Nunbers

.:on the cloud outl:mes refer to. days n: tems :of. .Mars‘ rotatlons

i beginning | mth the mltlal day of, the stonm Plots ane :Em md-

: -Illght Photographs »-all, at. about the same Appa:rent Solar T].me

g .'every fourth day.
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-Figure 5. ’Ihe"first -ten‘ days of the storm. Outlined areas appeared .3
. ‘as bright clouds on redvfllter photog'raphs Dashed outlmes show ,

B brlght areas which may not be part. of the stom.

Figure 6. Bright cloud outlines .fram blue- fllter photographs Each |
- "day" represents one. rotat:.on of Mars., .Please see text for a

descrlptlon of time used.

Figere 7. This is a continuetim of :Figure’..?.s. showing plots from red- 7

fil{:er photographs at appfeximat:e-- two--hour'intervals’. See tex'e. o

Figere 8. A spmnary of the storm‘s maJor brlght cmnponents seen durmg
 the first. 22 days in xed 1light.. . The base map is.the 1971 Lowell

" Mars map shcwmg albedo features. at the t:une of cppos:ttim.
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6—APPARENT SOLAR TIME
AT 0° MERIDIAN

SCALE aT40°LAT.__. . 3000kw

.

DAY —BOUNDARY OF CLOUD
SEPT. u,:‘} “——BRIGHT SIDE






9 ATTACHMENT B

—BOUNDARY OF CLOUD
T——BRIGHT SIDE
6—APPARENT SOLAR TIME
AT 0° MERIDIAN

SCALE aT40°LAT.Q ., 3000w

) >




n-----nﬂ-_-“-----ﬂ

MARS — 1971
Sept. 22- Oct. 14

:_..,4‘ h,'T_‘ Sty :
# L_ +30=—

BRIGHT SPOTS

RECURRIN

24|w° 180°

Figure 8.

& INFWHDVLLY



S/

ATTACHMENT C
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